64x64 images ordered by increasing wavelength.
The analysis of the VIMS data for Enceladus described in this paper is in 3 general areas: the composition of surface and the size of the ice grains in the near surface, the degree of crystallinity of the near surface, and the temperature of the surface. Although the analysis extended to the entire surface of Enceladus covered by the observations during the 3 flybys, we focus here on the south polar region of Enceladus and particularly on the area of the tiger stripes because they are so unusual.
Our analysis of the spectrum of Enceladus shows that its surface is almost completely dominated by water ice ( Fig. 1 ) with a weak coloring agent in the UV-visible and with some minority constituents in specific areas as discussed below. Globally the typical water-ice grain size is 50 to 150 µm, but grain sizes increase to 100-300 µm in the tiger stripe regions (see Figs1
We have found traces of free CO 2 ice, trapped CO 2 (either as a liquid or gaseous inclusion) and simple organics in the tiger stripes. While the organic signatures map geologic features (see Fig. 2 ), the close approach data for July 14 have anomalous noise that obscures spectral features beyond 4 µm. CO and CO 2 are molecules that could be expected to be found in icy bodies formed in the Saturn system (13) (14) (15) (16) (17) (18) , and indeed we find free CO 2 ice in small amounts globally, and in higher concentrations near Enceladus' south polar regions, but we see no CO (see below).
In data taken well before closest approach on 17 July, 2005, we see in the tiger-stripe region a strong signature of CO 2 with an absorption band depth of 74%. The center wavelength of the CO 2 absorption in the tiger-stripe region indicates that the CO 2 is not free ice but rather complexed, most likely with water ice (Fig. 3) . There is no evidence in our data for free CO 2 ice in the tiger stripes. This is perhaps not surprising because the temperatures seen there by the Cassini CIRS instrument(8) would cause solid CO 2 to rapidly migrate northward of the tiger stripe regions to areas with colder temperatures. Some free CO 2 is indeed seen northward of the tiger stripe region in our data. Furthermore, that there is such a high abundance of complexed CO 2 in the tiger stripe suggests active replenishment, probably from ongoing geophysical activity in the region (8) (9) (10) (11) .
No signature of CO ice, gas, clathrate, or in any other physical form was seen in our data.
Based on the data taken about 1 hour before closest approach, an upper limit of 5 precipitable nm (corresponding to a column density of roughly 10 14 molecules/cm 2 ) can be placed on the amount of CO in the atmospheric column above the tiger stripes.
Another cosmochemically important compound is NH 3. The role of NH 3 in solar system chemistry and geophysics has been extensively studied, and its role in Enceladus' geophysical activity widely hypothesized (3, (19) (20) (21) (22) (23) has its strongest absorptions near strong water-ice absorptions, thus reducing the sensitivity of models where NH 3 is intimately mixed with water. It is possible that small areas of pure NH 3 exist if they subtend less than 10% of a VIMS pixel, but considering all of this, the likely global upper limit to ammonia on the surface of Enceladus is 2%. It should be noted, however, that as for CO 2 , temperatures in the area of the tiger stripes may be high enough to cause free NH 3 -ice to migrate northward to areas of lower temperatures.
There are many other apparent spectral features in the VIMS data for Enceladus that require further study before an accurate assessment of their significance can be made. Of possible particular significance is a downturn beyond 5 µm and a possible 5.0-µm feature in the global average spectrum of Enceladus.
Disk-integrated spectra of Enceladus indicate that the water ice in Enceladus' equatorial and mid-to-high-latitude regions is primarily crystalline (4, 6) . Nevertheless, amorphous water ice should exist on the satellite(4). Amorphous water forms when it is condensed directly from the vapor to a solid at temperatures below about 100K. If amorphous water ice is heated to 150 K it irreversibly and exothermally converts on timescales of minutes to hours to crystalline water ice.
The conversion can only be reversed by disruption of crystal structure by bombardment of high energy particles(24)-a process primarily limited by dose rather than by the energy spectrum of the impacting particles (25) . Examples of such a process can be seen on the Galilean satellites (24, 26, 27) .
Enceladus orbits in the inner regions of Saturn's magnetosphere where the particle flux is quite high. Furthermore, Enceladus may have it's own magnetic field(7), which could increase the particle flux at its poles, making it prudent to look for amorphous ice near Enceladus' poles.
Differences in their spectra can be exploited to search for crystalline and amorphous ice on Enceladus (see Fig. 4 ). The two most obvious indicators are the 1.65-µm absorption band, and the 3.1-µm Fresnel reflection peak, both of which are much more prominent in crystalline ice. In addition, the central wavelengths of the absorption bands vary significantly between amorphous and crystalline water ice due to the reduced hydrogen bonding in amorphous water ice compared to crystalline (Fig. 4b) . Our analysis indicates that, in a local sense (that is, confining our analysis to the south-polar regions of Enceladus) crystalline ice is most abundant in the tiger stripes, while amorphous ice is most abundant in the south-polar regions, outside the tiger stripes. This is shown in the global ratio of the 1.2-µm reflectance to the 1.65-µm absorption band (Fig. 4c ) and in the ratio of the 1.2-µm reflectance to the 3.1-µm peak (Fig. 4d) , except that the tiger stripes are darker because the crystalline ice is brighter at 3.1 µm.
Laboratory experiments show that crystalline ice at temperatures below 100K rapidly converts to amorphous ice in the presence of high energy particles (25) , and re-crystallizes very quickly when heated ~140-150 K (24) . For geologically active, relatively hot areas like those near Enceladus' south pole it would be difficult, if not impossible, to determine the time that these materials have been exposed to magnetospheric bombardment; i.e., their age. If, on the other hand, areas with a high degree of crystallinity exist in the coldest areas in the south-polar region of Enceladus, they would be young, perhaps as young as a few decades (25) . Further study of our data and additional observations of Enceladus' south-polar region are required to address the question of age.
Despite the unambiguous detection of anomalously hot areas on Enceladus by the Cassini CIRS instrument(8), VIMS did not detect thermal emission from within the tiger stripes, mostly because the cutoff wavelength of the instrument is 5.2 µm. Co-adding spectra of the stripes to improve S/N allows us to place a robust 3-sigma upper limit at 140K on the average temperature of VIMS tiger stripe pixels (28) . Alternatively, a swath within the stripes can neither be wider than 135 meters at the ammonia-water eutectic temperature of 173K nor wider than ~20 centimeters at the water triple point 273K! 
